The karyotype of five wild Elymus species of Qinghai-Tibet plateau were determined by root tip squash method. The results showed that all of the Elymus species had satellites in five populations and the karyotype formulae in those materials were: DL population, 2n = 6x = 42 = 32m + 10sm, 2B type; DX population, 2n = 4x = 28 = 2M + 26m, 1B type; SN population, 2n = 4x = 28 = 26m + 2sm, 2B type; NQ population, 2n = 4x = 28 = 20m + 8sm, 2A type; RB population, 2n = 6x = 42 = 38m + 4sm, 1A type. Chromosome variation and degrees of evolution of these five species was DL, SN, NA, DX and RB from high to low level. This study will improve the understanding of the genetic diversity of Elymus of Qinghai-Tibet Plateau and provide effective evidence on genetic relationship and crop breeding.
component of the Earth's terrestrial ecosystems and plays significant role in maintaining proper global climate (Ma et al. 2008) . Complex and changing conditions of Qinghai-Tibet Plateau lead to the heterogeneity of the ecological environment, which could contribute to the genetic divergence among the Elymus species. Analysis of the genetic structure at an intraspecific level is important for understanding the adaptive change or evolution. It is useful in characterizing individuals, accessions and cultivars in determining duplications in germplasm collections and for the choice of parental genotypes in breeding programs. However, the nomenclature and evolutionary relationships among Elymus genotypes are still under discussion. In the present study, we adopted plants chromosome common pressing plates method to describe the karyotype of five species of wild Elymus with unique adaptive morphological characteristics which come from 5 different geographical areas of Qinghai-Tibet Plateau. Our objectives were to improve the understanding of the genetic diversity of Elymus present in Qinghai-Tibet Plateau which may provide effective evidence on genetic relationship and crop breeding.
The experimental materials comprised five wild Elymus species, namely, DL, DX, SN, NQ and RB. The seeds of these were obtained from namely, Duilong (DL), Dangxiong (DX), Shannan (SN), Naqu (NQ) and 
Fig. 1. Mitotic metaphases and ideogram of five wild Elymus species
Renbu (RB) five places in Qinghai-Tibet plateau at an altitude of 3665, 4314, 3523, 4527 and 4116 meters respectively. The plant chromosome common pressing plates method was used to describe the karyotype of Elymus (Seijo and Fernandez 2003; Rani and Kumar 2011) . Finally, 20 metaphases were drawn for each population and the five best photos were selected for measurements. Chromosome type was described followed the procedure of Gallois and Marinho (1996) and idiograms were drawn based on mean centromeric index and arranged in order of decreasing size (Seijo and Fernandez 1003) . Karyotype asymmetry were determined using the categories of Stebbins (1971) . Parameters were calculated to characterize the karyotype numerically: total chromosome length of the haploid complement (TCL), chromosome relative length (CRL), arm ratio (AR), ratio of chromosome length (RCL) and coefficient of karyotype asymmetry (CKA).
The intricate landforms and weather conditions in Qinghai-Tibet Plateau lead to heterogeneity of the ecological environment (Sanchez-Canizares and Palacios 2013). Previous reports about E. glaucus from California showed an associated karyotype with elevation (Wilson et al. 2001) . We analyzed five species with unique adaptive morphology characteristics from the Qinghai-Tibet Plateau. The chromosome sets and karyotype of these five Elymus species from five different populations were different. The mitotic metaphases and idiograsms of subjected species are illustrated in Fig. 1 and the karyotype parameters and formulae are shown in Table 1 . For DL population, there were 21 chromosome pairs in total and the karyotype formula was 2n = 6x = 42 = 32m + 10sm (6SAT). For DX population, there were 14 chromosome pairs in total and the karyotype formula was 2n = 4x = 28 = 2M + 26m (4SAT). For SN population, there were 14 chromosome pairs in total and the karyotype formula was 2n = 4x = 28 = 26m + 2sm (6SAT). For NQ population, there were 14 chromosome pairs in total and the karyotype formula was 2n = 4x = 28 = 20m + 8sm (4SAT). For RB population, there were 21 chromosome pairs in total and the karyotype formula was 2n = 6x = 42 = 38m + 4sm (4SAT). All of the Elymus species from these five populations had satellites in the short arm. These observations are similar to the report on karyotype of four accessions of E. scabrifolius from Argentina and Uruguay (Linde and Seberg 2001) suggesting that chromosomal rearrangements could be involved in the formation of isolated biotypes. From a geographic standpoint, these Elymus populations from different regions suggested a wide degree of genetic diversity and exhibited a high level of genetic diversity in the Qinghai-Tibet Plateau.
Polyploids have been suggested to be more adaptive in disturbed or novel niches than their diploid progenitors (Nie et al. 2005) . In the present study, we identified that the Elymus from DL and RB populations were hexaploid and DX, SN and NQ populations were tetraploid and the karyotype of these populations belonged to 2B, 1B, 2B, 2A and 1A type (Table 1) . According to Stebbins' evolution theory, the change of karyotype is from symmetric to asymmetric and the higher degree of karyotype symmetry, the smaller the degree of chromosome variation and evolution degree, while the higher the degree of karyotype asymmetry the greater the degree of chromosome variation and evolution (Stebbins 1971) . Therefore, chromosome variation degree of evolution of these five populations should be DL, SN, NQ, DX and RB from high to low level. Polyploidy, the possession of three or more basic chromosome sets in nuclei has been recognized as a prominent force in the evolutionary diversification of plants (Bennett 2004 ).
In summary, collecting and characterization of wild forage germplasm can enrich forage germplasm resources and lay a foundation for the development and utilization of forage germplasm resources. The Qinghai-Tibet Plateau provides an important genetic pool of Elymus diversity. In Qinghai-Tibet Plateau, the tetraploid Elymus is classified as E. sibirious and the hexaploid Elymus is usually classified as E. nutans. We found karyotype differences in five Elymus materials from various populations. The results of present study could allow the comparison of the karyotype of several wild Elymus from the QinghaiTibet plateau. Whether these differences were caused by unique morphological characteristics or the variation degrees need to be studied further. Also the information on breeding systems that affect the maintenance of variation in the population is needed.
